The aim of this research was to study whether and to what extent Chinese cagA-positive Helicobacter pylori isolates differ from those in The Netherlands. Analysis of random amplified polymorphic DNA (RAPD)-PCRassessed DNA fingerprints of chromosomal DNA of 24 cagA-positive H. pylori isolates from Dutch (n ‫؍‬ 12) and Chinese (n ‫؍‬ 10) patients yielded the absence of clustering. Based on comparison of the sequence of a 243-nucleotide part of cagA, the Dutch (group I) and Chinese (group II) H. pylori isolates formed two separate branches with high confidence limits in the phylogenetic tree. These two clusters were not observed when the sequence of a 240-bp part of glmM was used in the comparison. The number of nonsynonymous substitutions was much higher in cagA than in glmM, indicating positive selection. The average levels of divergence of cagA at the nucleotide and protein levels between group I and II isolates were found to be high, 13.3 and 17.9%, respectively. Possibly, the pathogenicity island (PAI) that has been integrated into the chromosome of the ancestor of H. pylori now circulating in China contained a different cagA than the PAI that has been integrated into the chromosome of the ancestor of H. pylori now circulating in The Netherlands. We conclude that in China and The Netherlands, two distinct cagA-positive H. pylori populations are circulating.
Helicobacter pylori infection in humans is one of the most widespread infections today, and its cure prevents peptic ulcer recurrence (26, 35) . Besides asymptomatic gastritis and peptic ulcer disease (PUD), H. pylori infection is strongly associated with gastric cancer, gastric mucosa-associated lymphoid tissue (MALT), and adenocarcinoma of the stomach (3, 9, 24) .
The heterogeneity of the clinical outcome of H. pylori infection may be related either to differences among the hosts or to differences in virulence among H. pylori strains. The latter assumption is supported by the finding that the product of cytotoxin-associated gene A (cagA) has been found to be associated with PUD (7) . PUD patients are virtually all infected with cagA-positive H. pylori and have serum antibodies as well as antibodies at the mucosal level against a 120-to 128-kDa protein encoded by this gene (7, 38) . In contrast, only 60% of the patients with functional dyspepsia (FD) are positive for this protein. The presence of cagA-positive H. pylori is also related to an increased risk to develop atrophic gastritis, intestinal metaplasia (16, 35) , or gastric cancer (25) .
Recently, the complete genome sequence of H. pylori has become available (30) . A 40-kb region of the H. pylori chromosome containing cagA was sequenced earlier by Censini et al. (4) . This locus, comprising at least 40 genes, has a GC content different from that of the rest of the chromosome, forms a so-called pathogenicity island (PAI), and is assumed to have been integrated into the H. pylori chromosome only recently (4, 6) . The proteins encoded by the PAI genes possess features similar to those of bacterial type II, type III, and most notably type IV secretion systems. It was hypothesized that such proteins may function to export macromolecules that may be involved in the H. pylori-host cell interaction (6) .
China is one of the countries with a high prevalence of H. pylori infection and a high incidence of gastroduodenal diseases (39) . The prevalence of H. pylori infection increases with age to about 70% of the people over 30 years old (22, 33, 39) . The prevalence of cagA-positive H. pylori populations in Chinese patients with PUD and FD is almost universally high (21) . Data obtained from this recent study further suggested that H. pylori genotypes distinct from those present in Western Europe may circulate in China.
The aim of this study is to investigate this hypothesis by comparison of the random amplified polymorphic DNA (RAPD)-PCR-assessed genotype of 24 randomly collected cagA-positive H. pylori isolates from 12 Dutch (14 isolates) and 10 Chinese patients. We used four different primers in each of four amplifications of H. pylori genomic DNA. In addition, part of cagA and glmM of the H. pylori isolates was sequenced. Sequences were analyzed for similarity by a computer-based program by using the neighbor-joining algorithm of Saitou and Nei (27) .
MATERIALS AND METHODS
Patients and H. pylori isolates. In this study, 24 cagA-positive H. pylori isolates, 14 from 12 Dutch patients (5 with PUD and 7 with FD) and 10 from 10 Chinese patients (5 with PUD and 5 with FD), were used. Isolates were randomly collected from the collection present in the Department of Medical Microbiology, Academic Medical Center, Amsterdam, The Netherlands. From two Dutch patients, two H. pylori isolates were analyzed. These isolates were cultured from biopsy specimens taken with 6-year (isolates 79A and 79J) and 4-year (isolates 161A and 161L) time intervals, respectively. Culture of the H. pylori isolates and assessment for the presence of cagA by PCR and Western blotting were recently described (21, 38) .
Preparation of genomic DNA for PCR. The chromosomal DNA of H. pylori was prepared as previously described (32) . Briefly, stored bacterial suspensions were thawed, inoculated on horse blood agar plates, and cultured at 37°C for 3 days in a microaerobic environment. Bacteria were harvested, and genomic DNA was extracted by phenol-chloroform-isoamyl alcohol extraction and ethanol precipitation (32) .
Genome typing by RAPD-PCR. PCR-based RAPD fingerprinting was performed by the method of Akopyants et al. (1) , with minor modifications (32) . Briefly, 20 ng of chromosomal DNA and 5 pmol of one of the primers (PerkinElmer Nederland BV, Gouda, The Netherlands) 1254 (5Ј-CCGCAGCCAA-3Ј), 1281 (5Ј-AACGCGCAAC-3Ј), 1283 (5Ј-GCGATCCCCA-3Ј), and 1247 (5Ј-AA GAGCCCGT-3Ј) (1) were used in a PCR as previously described (32) . The PCR fragments were analyzed by horizontal agarose (1%) gel electrophoresis as described before (32) .
Computer-assisted analysis of RAPD patterns. The RAPD patterns were visualized by UV illumination and imaged with a video camera. Cluster analysis was performed with Gelcompar software version 3.1 (Applied Maths, Kortrijk, Belgium). Patterns were normalized to RAPD patterns from Neisseria meningitidis ET present every five lanes on each gel. The patterns generated by each of the four RAPD primers were combined and compared by using unweighted pair group method for arithmetic averages (UPGMA) clustering with Dice coefficient applied.
Fluorescence-based DNA sequencing and analysis. PCR products obtained with primer cagA5 (5Ј-GGCAATGGTGGTCCTGGAGCTAGGC-3Ј; positions 1495 to 1519, according to Covacci et al. [5] ) and primer cagA2 (5Ј-GGAAAT CTTTAATCTCAGTTCGG-3Ј; positions 1819 to 1797) (21) were subjected to a PCR-based sequencing in both directions by reaction with fluorescent dye-labeled dideoxynucleotide terminators, using Taq polymerase (Perkin-Elmer) and primers cagA5 and cagA2 according to the instructions supplied by Applied Biosystems Incorporated (Foster City, Calif.).
From glmM, an identical region of the gene was sequenced as described by Kansau et al. (14) . Primer HP1 (5Ј-GGATAAGCTTTTAGGGGTGTTAGGG G-3Ј); positions 1289 to 1314, according to Labigne et al. [18] ) and primer HP2 (5Ј-GCTTACTTTCTAACACTAACGC-3Ј); positions 1584 to 1563, according to Labigne et al. [18] ) were used to amplify a 295-bp fragment. This fragment was sequenced in both directions as described for cagA sequencing. Sequences were analyzed on an automatic sequencer (model 373; Applied Biosystems). From the cagA sequence, the first 42 bp and the last 39 bp, containing the primer sequences, were discarded. From the glmM sequence, the first 37 and last 19 bp were discarded.
glmM and cagA sequences were compared by using a computer program included in the 1993 MEGA (17) program. Trees describing the phylogenetic history of the H. pylori strains in this study were reconstructed by using the neighbor-joining algorithm of Saitou and Nei (27) , with the Kimura two-parameter distance measures (15) as implemented in the MEGA program. Bootstrap resampling analyses (1,000 replicates) were performed to assign confidence limits to the estimated phylogenies. The proportions of synonymous substitutions (or silent mutations, i.e., without amino acid substitutions; d S ) and nonsynonymous substitutions (mutations resulting in amino acid substitutions; d N ) at synonymous and nonsynonymous sites, respectively, were calculated by the method of Nei and Gojobori (20) , with the application of the correction of Jukes and Cantor (13) (Fig. 1) . Both sequentially recovered H. pylori isolates from two Dutch patients (strains 161A and 161L; strains 79A and 79J) and two H. pylori isolates from two Chinese patients (strain R27 and R30) had identical cagA sequences. In Fig. 2 , the polymorphic site in the cagA region between nucleotides 1537 and 1780 of cagA is shown. The total number of 67 nucleotide substitutions resulted in 22 possible amino acid substitutions. The d S and d N values were similar in the 12 H. pylori isolates from 12 Dutch patients and the group of H. pylori isolates from 10 Chinese patients (Table 1) .
Clustering analysis revealed two main groups comprising the H. pylori strains from all Dutch patients (group I) and the H. pylori strains from all Chinese patients (group II) (Fig. 2) . Bootstrap analysis (1,000 replicates) demonstrated a high confidence (that is, identical branch points occurred in all bootstrap replicates) of the difference between the two main groups comprising the H. pylori isolates from Dutch and Chinese patients. The cagA sequence of group I strains (excluding strains 79J and 161L) showed 3.9% average divergence at the nucleotide level and 6.2% average divergence at the amino acid 
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cagA-POSITIVE H. PYLORI IN CHINA AND THE NETHERLANDSlevel. The levels of average divergence of the cagA sequence among the group II strains were similar, 4.8 and 5.8% at the nucleotide and amino acid levels, respectively. Evidently, the difference in the cagA sequence was more extensive (two to three times larger) when the strains of the two groups were compared with each other ( Table 2) .
Comparison of glmM sequences of H. pylori isolates from Dutch and Chinese patients.
To compare sequence heterogeneity of cagA, located on the PAI, with that of a gene outside the PAI, part of glmM (formerly called ureC [18] ) was sequenced. Of the 24 H. pylori isolates, the same 240-bp part of glmM was sequenced as described by Kansau et al. (14) . Twenty-two alleles with mutations at 32 possible positions were found (Fig. 3 ). The two sequentially recovered H. pylori isolates from each of the two Dutch patients (strains 161A and 161L; strains 79A and 79J) were identical. The total number of 32 nucleotide substitutions resulted in only 3 possible amino acid substitutions.
2) was much higher in glmM than in cagA. In contrast to the cagA sequence, clustering analysis of glmM did not result in any robust cluster formation.
DISCUSSION
Data obtained from a recent report suggested that H. pylori genotypes circulating in China are distinct from those in Western Europe due to allelic variation in cagA (21) . The aim of our study was to provide evidence that Chinese patients and Dutch patients are colonized with distinct cagA-positive H. pylori strains.
RAPD-PCR analysis of 14 H. pylori isolates from 12 Dutch patients and 10 from 10 Chinese patients demonstrated a high level of genetic diversity among the 24 strains. In previous studies using this technique, it was shown that H. pylori comprises a genetically highly heterogeneous group, with patientto-patient variation (1) . In addition, patients can harbor a heterogeneous H. pylori population (12, 31, 33, 37) . On the basis of the RAPD-PCR patterns, the 24 H. pylori strains could be clustered according to neither the various clinical entities nor the geographic origin of the patient. Results obtained with multilocus enzyme electrophoresis suggested clustering of 23 H. pylori isolates into four clusters (11) . The authors concluded that the genetic diversity in H. pylori may be sufficient to classify H. pylori strains into four or more cryptic species. a The cagA sequences of H. pylori isolate 79J (identical to 79A but isolated from the same patient 6 years later) and 161L (identical to 161A but isolated from the same patient 4 years later) were not taken into account. The cagA sequences of H. pylori isolate 79J (identical to 79A but isolated from the same patient 6 years later) and 161L (identical to 161A but isolated from the same patient 4 years later) were not taken into account.
However, the similarity of strains within a cluster was rather low and varied between 30 and 70%. In addition, a similar analysis revealed that no clustering among 74 H. pylori isolates occurred, and a very high mean genetic diversity was found (10) .
The phylogenetic tree based on the cagA sequences showed a robust division between H. pylori isolates from Dutch patients (group I) and H. pylori isolates from Chinese patients (group II). In addition, the cagA sequences previously published by Covacci et al. (5) and Tummuru et al. (31) fit into the branch comprising the Dutch H. pylori strains, while the cagA sequence of the H. pylori isolate from a Japanese patient fit into the branch comprising the Chinese H. pylori strains, without altering the robust division between the Western and Chinese H. pylori isolates in the tree (data not shown). The percentage difference between cagA of groups I and II is larger than the differences between cagA of H. pylori isolates within its appropriate group (Table 2 ). In contrast both phylogenetic trees based on RAPD patterns and on glmM sequences showed the overall genetic variation without any robust clustering. Therefore, we assume that in the past, the PAI that has been integrated into the genome of the ancestor of H. pylori now circulating in China contained a different cagA than the PAI that has been integrated into the genome of the ancestor of H. pylori now circulating in The Netherlands. Alternatively, the ancestors of H. pylori in Western countries and in China diverted soon after their development, and cagA differences may have evolved due to genetic differences of the hosts or other environmental conditions. The d S /d N ratio was much lower in cagA
) and lower than the average d S /d N value of 24 for bacterial genes (28) . The high number of nonsynonymous substitutions in cagA was not limited to the sequenced region. In an adjacent part, between positions 1249 and 1519 (according to the notation of Covacci et al. [5] ), similar amounts of synonymous and nonsynonymous substitutions were observed (not shown). Such a bias toward nonsynonymous substitutions is also reported for the genes coding for the P2 porin of Haemophilus influenzae (8) and the P1 porin of Neisseria gonorrhoeae (29) . It is known that both the P2 protein of H. influenzae and the P1 protein of N. gonorrhoeae elicit a strong immune response in the host during the course of infection. In general, all patients infected with cagApositive H. pylori show a strong immune response against the CagA protein (7, 38, 23) . Therefore, it may be that upon infection, selection by the host immune response for nonsynonymous substitutions (amino acid substitutions) in cagA, and hence antigenic variation of CagA, had occurred. However, the cagA sequences of the H. pylori isolates 79A and 79J, cultured with a time interval of 6 years from the same patient, were identical. The same holds true for the cagA sequences of H. pylori isolates 161A and 161L, cultured with a time interval of 4 years from another Dutch patient. Thus, in these two patients cagA was invariable during 4 to 6 years, showing no evidence for antigenic variation during this time interval. Most likely, recovery of H. pylori from both patients was done a long time after H. pylori acquisition, and the host-pathogen interaction may have reached its balance. We hypothesize that most cagA variation of H. pylori occurs during the acute phase of infection, in which the incoming H. pylori has to adapt to harsh conditions present in the human stomach, resulting in new H. pylori variants. These so-called sequential bottlenecks might also give an explanation of the finding that patients can carry heterogeneous populations of H. pylori in one patient (12, 32, 34, 37) . It may be that the different variants grow out at different sites in the stomach. Recombination within the chromosome of the bacterium and/or between different variants may further increase heterogeneity (2, 10). However, evidence for recombination within the cagA sequences was not found in the set of 25 H. pylori strains analyzed by a computer program using the algorithm of Maynard Smith (19) . The many nonsynonymous mutations could also imply that CagA of H. pylori from patients from different geographic areas are antigenically different, especially of H. pylori isolates from Dutch and Chinese patients.
In summary, we conclude that two distinct cagA-positive H. pylori populations are circulating in China and The Netherlands. Most likely, the PAI that has been integrated into the chromosome of the ancestor of the H. pylori now circulating in China contained a different cagA than the PAI that has been integrated into the chromosome of the ancestor of the H. pylori now circulating in The Netherlands.
